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390a Monday, February 27, 2012Empirical correlations of acyl chain segmental order parameters (SCD) and
R1Zprofiles followed a theoretical square-law functional dependence [4]. Our
preliminary results show that R2
CP is sensitive to hydration levels as well as
the acyl position, thus indicating the presence of slow dynamic modes. The
R2
CPrates of the acyl segments near the polar head groups increase with lipid
dehydration, while the acyl segments deeper in the hydrophobic region show
lower R2
CP values at high dehydration levels. Similar studies in presence of
peptides and proteins can give insight into optimized lipid hydration for protein
functionality and slow cooperative motions.
[1] M.F. Brown (1994) Chem. Phys. Lipids 73, 159–180.
[2] A. Leftin et al. (2011) Biochim. Biophys. Acta 1808, 818–839.
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The lipid cubic phase (LCP) formed by particular mixtures of monoolein and
water has received significant attention as a system for the crystallization of
membrane proteins for structural characterization by x-ray crystallography
(the so-called in meso method [Caffrey & Cherezov: Nature Protocols (2009)
4(5):706]). In several cases, the addition of specific lipids to the mesophase
was necessary to promote the stabilization and crystallization of a protein.
For example, the addition of cholesterol was instrumental for obtaining high-
resolution structures of the beta2 adrenergic receptor [Cherezov et al: Science
(2007) 318:1258], and of four other G protein-coupled receptors. Apart from
the success of LCPs for supporting crystal growth, the bulk isotropic symmetry,
rapid diffusion and localized bilayer-like environment make this system poten-
tially useful for NMR studies.We demonstrate that several NMR techniques tra-
ditionally associated with solution phase samples (e.g., heteronuclear single
quantum coherence, HSQC, and saturation transfer difference, STD) can be
adapted for use in LCPs comprising monoolein with cholesterol and/or a trans-
membrane protein. Our data indicate that a range of advanced NMR techniques
could be applied in LCPs, enabling studies of dynamics that will complement
the x-ray structural data already obtainable using this phase and significantly ex-
pand the variety of tools available for the study of integral membrane proteins.
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Lactophoricin (LPcin-I) is an antimicrobial, amphiphatic, cationic peptide with
23-amino acid residues isolated from bovine milk. Its analogous peptide,
LPcin-II, lacks six N-terminal amino acids compared to LPcin-I. Interestingly,
LPcin-II does not display any antimicrobial activity, whereas LPcin-I inhibits
the growth of both Gram-negative andGram-positive bacteriawithout exhibiting
any hemolytic activity. Uniformly 15N-labeled LPcin peptides were prepared by
the recombinant expression of fusion proteins inE. coli and their properties were
characterized by mass spectrometry (MS), Circular dichroism (CD) spectros-
copy, and antimicrobial activity tests. To understand the structure-activity rela-
tionship of these two peptides, they were studied in model membrane
environments by a combination of solution and solid-state NMR spectroscopy.
We determined the tertiary structure of LPcin-I and LPcin-II in the presence of
DPCmicelles by solutionNMRspectroscopy.Magnetically aligned unflipped bi-
celle samples were used to investigate the structure and topology of LPcin-I and
LPcin-II by solid-stateNMRspectroscopy.Wewill also discuss about theLPCin-
Analogs that have much more powerful antimicrobial activity and 800MHz
home-built solid-state NMR
probe for bilayers.
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The use of Nuclear Magnetic Resonance Spectroscopy in Drug Discovery has
been routine for several decades. Used independently or in concert with MassSpectrometry, Isothermal Titration Calorimetry and a variety of Fluorometric
assays it allows development of new drug candidates through the use of several
pathways. Monitoring ligand-target binding provides a route to screen potential
inhibitors for known drug targets. Unfortunately solution NMR encounters
a solubility challenge and has a limited applicability to membrane proteins,
which have a well-known involvement in key cellular functions and make up
60% of all identified drug targets. For this reason and many others, progress
in antimicrobial drug development is slow and the need for new compounds
at an all time high with increasing microbial resistance to existing therapeutics.
In order to overcome the solubility challenge and mimic the native bilayer en-
vironment of the cellular surface a new approach is being developed that per-
mits screening of small compounds against membrane protein drug targets
while the protein is in a native-like bilayer. To trap the protein solubilized bi-
layer we use anodic aluminum oxide (AAO) filters such that solutions contain-
ing small molecules can be flowed over the membranes in the AAO pores
without dislodging the protein and bilayers. To test this concept we aligned
the M2 proton channel from Influenza A virus, a known drug target, in
DMPC lipid bilayers within the AAO filters. Selectively 15N site-labeled M2
(residues 22–46) was exposed to various inhibitor compound cocktails while
monitoring the very sensitive anisotropic chemical shifts for binding. A flow
through cell design is now being developed to semi-automate this screening
process.
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Magnetically aligned bicelles represent a nearly ideal mimetic for the structural
studies of membrane proteins in their native lipid environment. Structures of
several proteins reconstituted in bicelles have been obtained by solid-state
NMR, including MerF, VPU, and Pf1.
However, the assignment of NMR spectra of membrane proteins is usually per-
formed by a laborious preparation of multiple selectively labeled samples, and
a helical wheel-like arrangement of peaks is assumed. Here we have used
a novel spectroscopic technique [1,2] to obtain spin correlations between the
resonances and assigned the spectrum of uniformly 15N labeled Pf1 protein re-
constituted in aligned bicelles. The peaks generally follow the (i, iþ1) connec-
tivity pattern, and yield the assignment identical to the previously established,
albeit without using multiple labeled samples [3]. The method is generally ap-
plicable to membrane proteins of arbitrary topology. Long-range correlations
(up to 6.7 A˚) can be observed that have a potential for establishing spectro-
scopic contacts between the neighboring transmembrane helices.
Furthermore, we have developed an algorithm [4] that calculates three-
dimensional structures of membrane proteins solely based on the dipolar cou-
plings between the covalently bound spins. Structures of protein G and a helical
hairpin of bacteriorhodopsin have been calculated from simulated solid-state
NMR spectra as illustrative examples. Effect of experimental uncertainty has
been assessed. Application of the algorithm to fully assigned three-
dimensional NMR data of doubly (15N, 13C) labeled membrane proteins
may allow one to obtain the entire backbone structure from a single spectrum.
[1] A.A. Nevzorov, J. Am. Chem. Soc. 130 (2008) 11282-11283.
[2] R.W. Knox, J. Lu, S.J. Opella, A.A. Nevzorov, J. Am. Chem. Soc. 132
(2010) 8255-8257.
[3] S.J. Opella, A.C. Zeri, S.H. Park, Annu. Rev. Phys. Chem. 59 (2008)
635-57.
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A general method for determining the structures of membrane proteins in phos-
pholipid bilayers under physiological conditions is described. Membrane pro-
teins are high priority targets for structure determination, and are challenging
for the existing experimental methods. Because membrane proteins reside in
a liquid crystalline phospholipid bilayer membranes it is important to study
them in this type of environment. The approach we have developed can be sum-
marized in five steps, and incorporates methods of molecular biology, biochem-
istry, sample preparation, construction and modification of NMR
instrumentation, the development and execution of NMR experiments, and
structure calculations. It relies on solid-state NMR spectroscopy to obtain
high-resolution spectra and residue-specific structural restraints for membrane
